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PROGRESS REPORT Nq. 2. 
ON 
TESTS OF STRUCTURAL STEEL COLUMNS. 
I .. 111TRODUCT ION 
1. Object and Scope of Investiga.tion. 
This re~ort presents the test results of the second in a series 
of research studies on la.rge structura.l steel colamns. Columns of two 
types, designated as Columns 52-C-2 and 57-C-2, were tested. These test 
specimens represent compression members of the Calcasieu River Bridge at 
Lake Charles, Louisiana. In general, specimen 52-C-2 simulates the 
members used in the approach pier columns of that bridge while specimen 
57-C-2 is typical of the tower pier columns .. 
Progress Report No.1, entitled "Tests of Structural Steel 
Columns", dated August 1949, contains the results of the tests which were 
carried out on column specimens 52-C-l and 57-C-l. The design of the C-2 
series specimens was based on the results of the C-l tests. Column 
57-C ..... 2 was an exact duplicate of column 57-C-l while co11.llIln 52-C ... 2 was 
I 
fabricated with a web pla.te 1/ g in.. thinner than that of 52-0-1" The 
conditions of testing were identical in both the C-l and C-2 series. 
The objectives of ~ testing program ~: 
1. To determine the manner in which failure occurs -
to indicate whether or not it is necessary to 
use batten plates or lacing bars between the 
flanges of these columns to prevent t'orsional 
instabili ty .. 
2. To determine the load-caT!Ying capacity of 
each of the columns .. 
In addition, a comparison of the test results of the 52-C-l and 
52 .... 0-2 specimens provides an indica.tion of the effect of a reduction 
in web thickness on the overall behavior of the 52-series of columns. 
Column 57-C-l was duplica,t ed in the 0-2 series in order to study fur .... 
ther the cause and occurrence of high localized strains which were 
noted in the web of the WF section of column 57-C-l and reported in 
Progress. Report No.1. 
A number of deflection, strain, and elongation measurements were 
ma.de on the test columns to determine the IDaIh"'ler in ''''hich failure occur ..... 
red and to ascertain the strain distribution at various sections along 
the length of the columns. The manner in which such measurements were 
obtained and the locations at which these measurements were taken are 
discussed in detail later in this report. 
20 Future Studies. 
This second series of tests completes the full-scale experimental 
portion of this column research program. Future investigations will be 
in the nature of analytica.l studies and tests of small-sca.le models., 
These analyses and modei tests will attempt to correlate experimep..tal 
results '\Arith those predicted from theoretical considerat ions. 
3. Acknowledgments. 
The tests described in this report were conducted at the Univer-
si ty of Illinois for the Louisiana Department of Highways in cooperation 
,.vi th the Bureau of Public Roads, Department of Oommerce o This '<lork, a 
part of the structural reseprch program of the Department of Civil 
2" 
3. 
-
Engineering, is under the general direction oiN. M9 Newm?~kJ Research 
Professor of 3tructural Engineering, and W. H. Munse. Research Assistant 
Professor of Civil Engine~ring. The tests were performed in the Arthur 
Ne\,rell Talbot Laboratory by Sheldon Cherry t Research Graduate Assi sta.nt 
in Civil Engineering, working uno.er the direct supervision of 
Robert J. Mosborg, Research A~sociate in Civil Engineering. Professor 
Munse assisted in the pla.nning of the tests and analYSis of the resul ts, 
an0. Philip Chow, Research Gradua.te Assistant in Civil Engineering, 
assisted. in the preparation of the d.iagrams included in this reuort .. 
II.. DESCRIPl'ION OF TEST SPECIMENS, MEASUREMENTS, 
AND' TEST PROCEDURE. 
4. Description of Test Specimens. 
In the actual structure, c.olumn 52-C-2 ha.s an overall length of 
102 ft. It has an unsupported length of 51 ft. for flexure in the weak 
direction, and 102 ft. for flexure in the strong direction. The full 
size section in the structure is made up of the following: 
g Angles 
1 Web Pla.te 
2 C over Plat es 
Total Area 
.... 4" :x 4" X 112ft (26-1/2 in .. b-b) 
- 26 n :x 9/16" 
- 20" :x 1/2" 
- 64.63 sq. in .. 
The test specimen Simulating this member had an overall length of 
34 ft. 6 in.. and was tested with fla.t ends but without la.teral support 
4. 
in either direction. The cross-section of this column specimen consisted 
of: 
g Angles 
- 3" :x 3t1 :x 3/8 11 (20-1/2 in. b-b) 
1 Web Plate 
2 Cover Plates 
- 20" :x 5/16" 
- 15" x 3/8" 
Total Area 
- 34.38 sq .. in. 
The details of specimen 52-C-2 are sho\~ in Fig.. 1. 
The full-scale prototype of specimen· 57-C-2 has unsupported lengths 
of 46.7 ft. for flexure in directions both parallel and transverse to the 
web, and a total overall length of about 90 ft. The section is fabri-
cated from: 
2 .... 18" Channels .at 42.7 lb. 
1 .... 21" WF at 73 lb. 
. Total Area .... 46.42 sq. in. 
The test specimen simulating this member had an overall length of 34 ft. 
6 in. and Wf.),S a,190 tested with flat ends but without. lateral support in 
5· 
either direction. The cross-section of this column specimen was composed 
of: 
2 15" Channels at 33.9 lb. 
1 is n Wi at 70 lb. 
Total Area - 40.36 sq. in. 
The details of this column are shown in Fig. 2. 
The ends of the test specimens were milled and the base plates 
were welded on with 1/4-in. continuous fillet welds. The out er fa.oe of 
each base plate was then milled to assure squareness of the ends. 
Strain lines, probably due to the punching of the rivet holes, 
were visible around each of the rivets in the wide flange b.eam flanges of 
column 57-0 ..... 2 when it W8.S first received at the laboratory. The same 
phenomenon was noted for column 57-0-1 anel was reported in Progress Report 
No.1. When column 52-0-2 was received at the laboratory, warpage existed 
in the plane of one of the cover plates over a large portion of the' column 
length. Asa result, on one side of the flange this cover plate was 
inside the ed.ge of the flange angles whJ.le on the other side it overlapped 
the edge of the flange angles a similar amount. The maximum overharig was 
approximately 1/2 in. and occurred near the middle of the column. This 
is shown in Fig. 3. 
5. Coupon Tests. 
The material used in the test columns was standard ASTM A-7 struc ..... 
tural grade steel. The mechanical properties of the material in the 
specimens were det'ermined from standard tensile coupons cut from the vari-
ous shapes used in the fabrication of the columns. ~he results of these 
coupon tests are summariz.ed in Table I. The yield point of the coupons 
varied from 37 400 p.s.i .. to 39 800 pos.i" ancl the ultimate strength 
varied from 59 800 pos.i. to 65 700 p.s"i. It should be noted tha.t the 
6~ 
lo\tTer limit of ultima,te strength, obtained fro~ the 3" x 3" X 3/8 ft angle 
coupon, is sli.C"'1.tly less than the 60 000 p .. s. ia minimum requirement of 
the A.S"T.M .. A-7 Specific.ation. 
After the columns had been tested to failure additiona1 tension 
and compression coupon specimens were removed from each of the shapes 
making up the column sections. All of these specimens were taken from 
the region near the quarter point since this location experienced the 
smallest amount of bending~ The results of these tests are summarized 
in the appendix., 
6.. Descri-ption of Mea.surements and Test Procedure. 
a. Stra.in Measurements" 
In general~ 1L~i-directional SR-4 electric strain gages~ Type A-II 
'vi th a 13!16-in. gage length, were used to measure longi tudinal stra.ins 
at selected points on five a.ifferent sections of the columns. These sec-
tions~ designated as sections A to E inclusive" were located at the cente-r 9 
the quarter points, and 2 ft. 4-1/2 in. from·each end of the specimen, as 
shown in Fig. 4a. The location of the str~dn gages on these sections is 
indicated in Fig. 4b for column 52-0-2 and in Fig. 4c for column 57-0-20 
All of the gage locations of column 52-0-1 (See Progress Report 
No o 1) were duplicated on column 52-0-20 Additional SR-4 electric gages, 
Type A-9 with a 6-in. gage length, were placed at the four corners of 
section C on both specimens in the 0-2 series. On column 52-0-2, Type 
7. 
A-ll gages were located also on both faces along the center line of the 
web from section C to section D. The spacing of these gages as measured 
from section 0 was nominally 4 in. c .... c over the first 4 ft., one space at 
7-1/2 in. and five spaces at gin. c-c. These gages were installed to 
aid in studying any tendency of the 5!16-in. web to buckle locally. 
Except for the omission of the gages on the web, all gage loca-
tions.on column 57 in the 0-1 series (see Progress Report No.1) were 
duplicated in the 0-2 series. These gages were omitted because of the 
effect of excessive web yielding in the early stages of the test on their 
readings 0 However, additional gages were mounted on the toes of the 
1S-in. wide flange at each of the five sections. 
Separate temperature compensating gages were placed at each of 
the strain-measuring sections in order to correct for temperature variation 
along the column length. The leads from the compensating gages and all 
active SR-4 gages were carried to a lOo-point switching'unit located near 
the base of the column. This arrangement permitted all the SR-4 gages 
to be read from one central location throughout the entire period of the 
tests. 
b. Flange Rotation and Deflection Measurements. 
Flange rotation and deflection measurements normal and parallel to 
the web of the column were obtained at the mid-height and quarter points of 
the column as in the previous tests. Similar measurements were made .;also 
at a number of adclitional points along the column length. The locations of 
all the sections at which deflection measurements were made are indicated 
by the ~-sections in Fig. 4a. The directions in which these deflections 
were measured are shown by the arrows in Figs. 4b and 4c. 
8. 
The deflection measurements were made relative to fine music wires 
which were clamped to small brackets at the base of the column as shown 
in Fig.. 5 and then threap,ed up over small ptllleys at the top of the column 
as shown in Fig .. 6.. Deflections normal to the web of the column (direc-
tions 7 and 8, Fig~. 4b and 40) were determined by means of the mirror ..... 
scale bracket arrangement, shown in Fig. 7.. These brackets were welded 
to the column at or near (depending on the interference of the flange rivet 
heads) all fourte~p. 4--~~ctions. D.efiections parallel to the web were mea-
sured from the def~eet~on wires to the flanges (directions 1, 2. 3 and 5. 
Figs. 4b and 4c),by'~e~s ~f .~he conical pointed scale shown in Fig. 8. 
The opening and clpsing of the flanges (directions 4 and 6, Figs. 4b and 
4c) were obtained, With~hemech:a:oical dial arrangement shown in Fig .. 9 .. 
The overall shortening~f tAe col~ was measured by the vertical movement 
of the weights whichheid 'the deflection wires taut III The various flange .... 
rotation and deflection measurements taken in the 0-2 series duplicated 
the measurements taken in the 0-1 series and included extra readings taken 
at the addi ti onal .6-s.ectionSe 
Measurements of t,he rotation of the spherical bearing blocks 
through which the loS:dwas applied to the column were made with a lO .... in. 
sensitive level bUbble arrangement. 
".Additional deflection measu:rements were taken to determine the 
deflected shape ~f'the .~b relative to the web-flange angles of column 
52-0-2. These measnr'emants' were made along three longitudinal lines on the 
web with thre~ mechanical dials mounted on the movable bracket shown in 
Fig .. 10.. These longitudinal lines were coincident with ,the center and quar-
ter point s of the clear web d.istance bet,..,een flanges and ext ended from 
Section B to Section Ce The bracket legs were set bet\4]'een the heads of 
the web-angle rivets so that the three mechanical dials measured the web 
cleflection a.long a horizontal station midway between these rivet heads c 
Therefore, because of the rivet spacing, these web-(leflection stations 
'l.-vere loca.ted a.s shown in Fig. 18. 
A somewhat similRr bracket arrangement containing a sir~le 
mechanical <lial (see Fig. 11) wa,s used to measure the tendency for inter-
rivet cover plate buckling on column 52-0-2.. When in position, the legs 
of this bracket were placed close to the flange rivet heads a.nd the dial 
was located midway between the rivets, 1/8 in. in from the edge of the 
cover plate or corner of the column.. This arrangement was chosen because 
it was felt that the region immediately around the rivet head would .not 
erperience any appreciable, movement. 
Those instruments which employed mechanical dials and meas1:X'ed 
flange rotations 5 web buckling~ inter-rivet cover plate buckling and bear-
ing block rotations provided measurements to thousa.nds of 2·n inch, whereas 9 
the deflecti on measurements taken with a. scale were read to hundredths of 
an incho 
c" Preparation of Test Columns. 
The specimens were prepared for testing by first locating the 
various sections and points at which the strain and deflectron mea.surement s 
were to be taken. All SR-4 electric strain gages were then mounted and the 
gage holes drilled. before the columns were placed in the testing machine" 
The mirror-scale bracket s and the cl2mps for the defl ect i on wires were 
lO~ 
.welded. in place and the columns were then raised e.nd centered in the test-
ing machine. The deflection. wires were next attached. The free ends of 
the lead wire coils from the 100-point switching unit were then brought up 
to the various stra.in measuring sections Bnd soldered to their respective 
SR-4 g2ge l.eB.ds It 
d. Testing Procedure .. 
The testing procedure for the specimens of the 0-2 series was 
similar to tha.t used in the first series of test s on columns 52-0-1 and 
57-0- 1 • 
The tests were conducted in a Southwark-Emer,y 3 000 OOo-lb. 
Universal hydraulic testing machine. The test load was applied in incre-
ments of 100 000 lb. or 200 000 lb. at the lower loads and in smaller in-
crements at the higher lo~s. Strain and deflection readings were taken 
after each load increment up to the maximum load .. 
Initial readings for both specimens were taken a.t a. load of 5 000 
lb. At this same load, wedges were forced into plece between the bearing 
blocks of both spherical heads. This provided centered and fixed bearing 
blocks for the duration of the tests. 
The test of column 57-0-2 was continuous up to a. load of 800 000 
lb .. at which ·point no further load. WB.S applied. After an interval of 
two hours, this load had dropped from 800 COO lb. to 540 000 lb. The 
load was then reset to 800 000 lb •• the strain and deflection readings 
were checked and the test was carried to completion. For column 52 .... 0-2 
the test was uninterrupted. 
11. 
III. RESULTS OF TESTS. 
7. Results of Tests - Column 52-0-2. 
B.(> Defl ecti on Data .• 
Column 52-0-2 is shown in place in the 3 000 000-10. testing 
machine in Fig. 12. The initial deflection of column 52~C-2 was deter-
mined oy measuring the d.istBnce from the column to wires 1, 2, 3 end 5 
of Fig. 4be These deflections, taken para.llel ,~ith and norma.l to the web, 
2.re sho'\AJn in Fig. 13. The diagrams of this figure incl.icate tha.t, before 
the column was loaded, the maximum deflection parallel to the web was 
apnroximately 0 .. 09 in. and the maximmn deflection normal to the ,.,eb ,.,as 
8.pnroximately 0.12 in. These values are much smaller than t.hose of column 
52-0 .... 1 for ,,.,hich the corresponding va.lues 1J\rere 0.24 in. and 0 .. 34 in .. , 
respectivelyo iil.rthermore, a comparison of the initial deflectic·n d.iagrams 
for col1unns no. 52-0-1 and 52-C .... 2 sho,.,s that the 0 .... 2 specimen \lraS initi211y 
more nearly straight over its entire length. 
Throughout the test of column 52-0-2 the late::a.l a.eflections itlerE:~ 
measured at all 6-sections from 6 .... 2 to ~ .... 14 inclusive. Readings ,~ere not 
obtained. at section ~-1 because the weights holding the music wires taut 
interferred wi th the mirror brackets located at this position. The o.eflec-
tions, plotted as loa.d-deflection curves, are shown in Fig. 14.. Each curve 
represents the average of four cleflection reaclings-two at each of the 
corresponcling 6-sections equidistant from the ends of the column. The 
sha~es of the curves are similar to those obtained for the corresponding 
column in the first series and indicate that the deflection increased 
rapidly in the early stages of the test. From the figure it 8,ppears that 
12. 
the bending of the column .under loe.d was concentrated at the mid-height 
of the column. At a load of ebout 800 000 lb.. (23 270 p .. s .. i.). the deflec .... 
tions began to increase rather rapidly wi th small chs.nges of load. The 
maximum deflection at this load, as measured from the initial shape of the 
column, was 0.24 in. At a load of, 950 000 lb. (27 630·p.s"i.) the average 
center deflection (at a distance of about 1 ft. 'from the mid-height) was 
~pproximate~ 0.37 in. while the average value for the sections located 
1ft. 8~3/4 in. from the column ends was approximately 0.23 in. At this 
seme stress intensity the corresponding av:erage deflection values fer col-
umn 52-0-1 at distances of 10-1/2 in. from the mid-height of the column 
and 7 ft. 9 in. from the ends of the column were 0.35 in. and 0.20 in., 
respectively. There was, therefore,_ an extremely good agreement between 
the two columns, the column with the thinner web (52..:.0 .... 2) having a slightly 
greater deflection value at the locations and stresses referred to above. 
Figure 15 isa plot of the deflected shape of the column at various 
loads neglecting the initial deflections. In comparison with the 0-1 
series the number of 6-sections for this series was inc~eased, thereby giv-
ing a better picture of the deflected shape of the member. This figure 
indicates also that the bending of the column was nearly all concentrated 
over the central portion. For loads greater than 950 000 lb. deflections 
were measured at only the 6-7 and 6-8 sections. 
At a load of 900 000 lb. (26 180 p.s.i.) the maximum recorded 
deflection of column 52-0-2 was 0.32 in. as compared with the approximate 
value of 0.38 in. for column 52-0-1 when loaded with the same stress. 
Furthermore, for all loads less than 900 000 ib. this 0-2 column had a 
13 .. 
lower recorded maximum deflection than the corresponding 0-1 column. Hcw-
ever, above this load the rate of increase of deflection was much greater 
for the 0-2 column. The failure loads for columns 52-0-2 and 52-0-1 were 
1 075 000 lb. (31 270 pes.i.) and 1 190 000 lb. (32 250 Pes.i.), respec-
C t.ively. 
Throughout the tests the deflections over the upper ha.lf of the 
column were always slightly greater than the deflections at the correspond-
ing sections over the lower half. This is evident from inspection of 
Fig4 15. However, the final deflected shape of the member was approximate-
ly symmetrical with respect to the mid-height of the column. 
The· changes in d.i stance between the toes of the colUIIin flanges, as 
determined from mea.surem·ents in the directions 4 and 6 of Fig. 4b for the 
fourteen ~-sections, are compared in Fig. 16. It should be noted that the 
change in the distance between the flange toes was ·rele..tively small in the 
early stages of the test. The maximum flange movement was concentrated at 
the center of the column as shown by the curves fer sections ~-7 and ~-8. 
At a load of 1 050 000 lbe(30 540 p.s.i.) it was approximately 0 .. 184 in. 
whereas-the maximum r~corded value at this stress for column 52-0-1 was 
approximately 0.062 in. As was the case for the lateral deflections. the 
flange movement at the center changed very rapidly just before the ultimate 
load was reached. In general, if the distance between the toes of the 
flanges decreased on one side of the column, the corresponding distance on 
the other side of the column increased, ind.icating a rotation of the flanges4 
At the mid-height of the column the east flanges opened and the west flanges 
closed while the specimen as a whole deflected towards the east. 
After the column had reached the final latera.l deflection of apprO1\:-
imately 3 in. the toes of the flanges on the east face of the column at 
section 6.-7 ha.d opened about 5/8 in. and han closed on the west face about 
1 in. These were the maximum recorded. val ue·s. 
The measured shortening of column 52-0-2 is presented in Fig. 17. 
These d.ata were obtained by mea.suring the vertical movement of the weight s 
which were suspended by the deflection wires a.t the to.P of the column. The 
computed theoretical shortening, based on a. modulus of elasticity of 
29 6cc 000 p.s.i., is also shown on the diagram. At low loads there is 
fair agreement between the two curves. At higher loans the influence of 
the lateral deflection is sufficient to cause the measured shortening of 
the column to exceed the computed shortening. Throughout the test the mea.-
sured shortening of 52-0 .... 2 wa.s slightly greater than the corresponding 
values for 52-0-1. At a stress of 27 630 p.s.i. the respective deformations 
for the columns of, the 0-2 and 0-1 series were approxiniately 0.45 in. a.nd 
0.43 in. 
The variation of the deflection of the web pla.te along Line B 
(relative to the web-flange angles) from section B to section C is shown in 
Fig. 18 for severa.1 of the applied loads. This figure represents the vaI'i-
atic:tl. along the longitudinal center line of the web and neglects initial 
irregularities. The maximum recorded deflection occurred a.t station 16 
which was located 3 ft. 1-1/8 in. above the mid-height of the column. The 
values of the web deflections across thi s sta.tion were' 0.030 in. \I 0.041 in. 'I 
and 0.033 in. for the "Art, fIB" and "011 lines,· respectively. The variation 
of these same three points for the entire range of load is illustrated in 
Fig. 19. From thi s figure it is apparent that there ",.ras a gra.dual change 
in the rate of the web deflection as the load increased. For loads greater 
than 900. 000 lb. there was a considerable flattening of the curves. Thus~ 
as was the case for the lateral deflections ano. the fl~tnge rotations of the 
column, there was a tendency toward a rapid increase of ,~eb deflection with 
a small increment of' load just prior to reaching the ultimate lead. 
From Fig. 18it may also be seen that the buckles or wave forms in 
the web were not symmetrical as might ordinarily be expected from thecret-
ical considerations of the compression of a, thin flat plate. Thi s might be 
explained by the fact that the lateral deflection and flange rotatio~ of 
the column coula. have an effect on the web buckling which may be gnfficient 
to produce the indicated variations. 
An ~?erall three-dimensional diagram of the buckled condition of 
the web at a load of 800 000 lb. is presented in Fig. 20 for the entire 
region over which.the web deflections were taken. Those portions of the 
defl~ction curves between the toes of the flanges and the fiAtt p..nd "C II lines 
have been a~proximated with a curve ,bich indicates some restraint. It 
seems reasonable to expect that restra.int similar to tha.t sho\<m, ~'as offered 
by the flanges. A:p. inspection of the web after the test also sugge~ted tha.t 
the curves so dra.wn are appro:x:ima,tely ·correct. 
After column 52-0-1 had been tested, local buckling between the 
flange plate rivets was found at several points near the center of the 
column. The da.ta taken to determine when inter-rivet cover plate buckling 
occurred in column 52-0-2 indicated. that such action took pla.ce aft er the 
maximum loacl-ca.rrying capa,ci ty of the column had 'been exceededo ! t appears ~ 
therefore, tha.t the inter-rivet cover plate buckling wa.S a secondary effect 
arising from the·primary failure of the column. 
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The measurements of the rota.tion of the spherical bearing blocks 
at the ends of the column indicated that there was no appreciable movement 
of these blocks throughout the duration of the test. The maximum total 
recorded rotations of the lower head in the east-\\'est and north-south 
a.irections were 0.0016 ra.dians (0.09 degrees) and 0.0002 radians (0.01 
degrees) respectively. The corresponding maximum rec,orded rotations for 
the upper head were 0.0032 radians (0.18 degrees) and 0.0016 radians (0.09 
degrees). These figures indicate a slightly greater degree of fixity at 
the lower end of the column. 
b. Strain I;ata. 
Table 2 presents a summa.ry 'cf the average measured etra,ins of col-
umn 52-0-2 at se~tions A toE. These strains are all computed from an 
initial load of 5 000 lb. The values of strain listed represent the average 
of the twelve A-ll type SR-4 gages mounted at the sections with the excep-
tion of section B. At this section one of the gages was found to be defec-
tive. For this reason it was not considered in the averages for the section. 
In addition to the A-ll gage values listed for section C. the average strains 
as determined fro~ the four A-9 gages located at this section are also shown. 
From tl;le table it may be seen that the average strain at the lO\lfer loads 
was fairly constant over the length of the column and also that there was 
good agreement between thestre.ins determined from the two types of gages 
located at section Co HO\1Tever. noticeable variations from the mean value 
began to occur at a load of approximately 800000 lb. The last complete 
set of ~ead.ings was recorded at a load. of 950 000 lb. At higher loads suc-
cessive strain measurements were taken only at section C. The last set of 
these readings was taken at a load of 1 025 000 lb. (29 810 p.s.i.). This 
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was 95.3 per cent of the maximum load of 1 075 000 lb. (31 270 p.s.i.). 
The ultimate loa,d for the corresponding colum..~ in the 0-1 series was 
1 190 000 lb. (32 250 p.s.i.). 
The computed theoretical stra.ins based on 2. modulus of elasticity 
of 29 600 000 p.s.i. are given in column 10 of Table 2 for the various 
load.s applied to the colurnn. A comparison of these computed strains with 
the average measured strains as determined from the A-ll electric strain 
gages distributed over the column length is shown in Fig~ 21. The COID-
puted and average measured strains agree fairly well over the low lead 
,range. However, at higher loads the measured strains are greater than 
those represented by the theoretical straight line relationship~ probably 
because of the lateral deflection and local yielding. This same condition 
was reported in the test of column 52-0-1ft For the same unit stress on the 
gross section the resultant average strain at all sections was in close 
agreement for the 52-0-1 and 52 ..... 0-2 columns, the values of the former being 
slightly less than those of the latter for the range of loads recorded in 
the, tests. However, this difference was insignificant. 
The stra.in distribution at the five sections of the colllil1n for a 
load. of 800 000 lb. is g-iven in Flg .. 22. The diagrams show the stra.in in 
the column plotted over its cross section and provide a complete picture 
of the strain distribu.tion resulting from the combined effect of direct and 
bending stresses. The average stra.in for the section is indicated~ and the 
variation from the average is represented by the vertical ordinates of the 
cross-hatched or shaded areas o Since the strain readings of the SR-4 gage 
located at the south-west corner of the south flar~e of section B were 
unreliable (for reasons previously explained)~ the strain distribution is 
was 95.3 per cent of the maximum load of ~ 075 000 lb. (31 270 p.s.i.). 
The ultimate load for the corresponding column in the 0 .... 1 series was 
1 190 000 lb. (32 250 p.s.i.). 
The computed theoretical strains based on a modulus of elastiCity 
of 29 600 000 p.s.i. are given in column 10 of Table 2 for the various 
load.s applied to the colUJl1n. A comparison of these computed strains ~rith 
the average measured strains as determined from the A-II electric strain 
gages distributed over the column length is shown in Fig. 21. The com-
puted and average measured strains agree fairly well over the· low load 
,range. However, at higher loads the measured strains are greater than 
those represented by the theoretical straight line rslationship9 probably 
because of the lateral deflection and local yielding. This same condition 
was reported in the test of column 52-0-1" For the same unit stress on the 
gross section the resultant average strain at all sections was in close 
agreement for the 52-0-1 and 52 .... 0 .... 2 columns, the values of the former being 
slightly less than those of the latter for the range of loads recorded in 
the. tests. However, this difference was insignificant. 
The stra.in distribution at the five sections of the colULlln for a 
load. of 800 000 lb. is g.iven in F1g. 22. The diagrams show the strain in 
the column plotted over its .cross section and provide a complete picture 
of the strain distribution resulting from the combined effect of direct a.nd 
bending stresses. The average stra.in for the section is indicated, and the 
variation from the average 'is represented by the vertical ordinates of the 
cross-hatched or shaded areas. Since the strain readings of the SR-4 gage 
located at the south-west corner of the south flar~e of section B were 
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unreliable (for reasons previously explained)? the strain distribution is 
discontinuous over that portion of the flange at this section. The strain 
value of the gage located on the toe of that flange angle. however& is 
indicated (by a small dot) on the figure. The strain plotted for the web 
gage readings was the average of the two gages located on opposite faces 
of the web at each section. 
A further study of the strain distribution at section C is presented 
in Fig. 23a, band c. These diagrams correspond to loads of 900 000 10 .• 
(26 180 p.s.i.), 975 000 lb. (28 360 p.s.i.), and 1 025 000 lb. (29 810 
p.s.i.), respectively and indicate the progressive effect of bending in the 
column on the strain distribution at that section. 
After the completion of the t est, shear bands were noted in the 
cover plate of the column in the vicinity of section C. Figure 24 illus-
trates the ap~earance of these lines on the face of the south cover plate. 
The change in the strain distribution along the center line of tbq 
web with increasing load is shown in Fig. 25. The solid lines represent 
the strain vB.riation along the· west face of the web and the broken lines 
denote the correspond.ing distribution along the east face of the web 
between sections C and D. The deviation of the curves from a straight 
line is due to locel web buckling which causes a greater strain on the con-
cave than on the convex side of a wave. Therefore, in addition to repre-
senting the iistribution of strain over the length of the web, the figure 
also indicates, to some extent, the buckled condition of the web. The 
gage located g in. above section D on the west face of the web was replaced 
with atfcheckt! gage and therefore no measurements were obtained at this 
position. At a load of 950 000 lb. the maximum recorded web strain occurred 
4 f·~. above section D on the west face of the web. The value of the strain 
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at this load and position was 1760 micro inches per inch, indicating that 
this portion of the web was in:';:le plastic range. 
80 Results of Tests - Ool~ 57-0-2. 
a. Deflection Da.ta. 
The initial deflection of column 57~C-2 is indicated in Fig. 26. 
The maximum values of the initial deflection parallel anel normal to the web 
'were approximately 0.03 in. a.nd 0.09 in., respectively. The corresponding 
maximum values for 57-0"",1 were 0.14 in.. and 0 .. 09 in. and for 52-0-2 were 
.0.09 inc and 0.12 in. Oonsid.ering the overall initial deflections of the 
columns 9 ' column 57=0-2 was somewhat straighter than column 57-0-1. It was 
also true in series 0 .... 2 as in series 0-1, that the colu.m..1'l fabricated from 
an I-beam and two channels was straighter than the column fabricated from 
three plates and eight angles. 
The variation of the average values of the lateral deflect'ion with 
load is shown in Fig. 27 for several sections along the length of the c01-
umn. These curves are similar in. shape to those obtained for the corres-
pending column in the 0-1 series. At the lower loads the column deflected 
slightly toward the west. Above a load of about 400 000 lb., there was a 
gradual reversal in direction of the lateral deflection such that at the 
ultimate load the final deflection was toward the east. It should be noted 
that the deflection increased very sl.owly over the greater portion of the 
test 0 This was in direct contrast to the more rapid increase noted for 
column 52 ... 0=20 Just prior to the maximum load 9 a small increase of load. 
was accompa,nied by an exceedingly large incr~ase in deflecti on. Thi s same 
condition was noted for column 52,..,0-2 but it ·was not 8,S pronounced. By 
~I 
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comparing this fIgure with Fig .. 14 it is .apparent that specimen 57-0~2 was 
a much more rigid member than specimen 52-0-2. At a load of 1 200 000 lb. 
(29 730 p.s.i.) the average deflection for the ~-sections located approx-
1mately 13 in. on either side of section 0 of column 57-0-2 was 0.08 in., 
,. as measured from its initial shape. At this same stress, the corresponding 
deflection for column 52-0-2 was approximately 0 .. 58 in. The corresponding 
values for the columns in the 0-1 series were 0.12 in. and 0.45 in •. At a 
distance of approxima~elY' 7 ft. 6 in. fro~ the column ends, the average 
deflections under a load. of 1 200 000 lb. were 0.06 in. and 0.05 in. for 
columns 57 .... 0-2 and 51....0-1 r especti vely, when measured from their ini tiel 
conditions. 
Neglecting the initial irregulari ties, the shape of the deflected 
struoture at several loads is shown·inFig. 28 .. The figure indicates that 
the bending of the column was concentrated in the region above the center. 
At loads just prior to the maximum load this tendency is most pronounced. 
However, the final deflected shape of the member was approximately symmet-
rical with respect to the mid-height of the column. It Should be noted 
that for almost the complete range of the.test the 'deflection over a por-
tion of the bottom half of the column was oppoai te to the general deflec· .... 
tion over the remaining length of the column. However, B.t loads approach-
ing the maximum, the d.irection of deflection over this portion of the col-
·umn reversed and almost the entire column deflected in the same direction. 
At a load of I 200 000 lb. (29 730 p.s.i.) the maximum recorded deflection 
of column 57-0-1 was 0 .. 13 in. and occurred at a section 1 ft .. I in. below 
the center height of the column. At this same load the value of the maximum 
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deflection for column 57-0-2 was 0.16 in. and occurred at section 6-4 1 
7 ft. 8-3/4 in. from the top of the column. 
:By comparing Figs. 28 and 15 it may be seen that at the same 
stresses, the deflections produced in specimen 57-0-2 were not as large 
as those produced in specimen 52-0 .... 2. Thus, at a stress of 29 730 p.s.i., 
the values of the deflections at section ~-8 were 0059 in. for column 
;2-0-2 and 0.07 in. for column 57-0-2. The corresponding values on the 
0-1 series were approxima.tely 0.52 in. for column 52 and 0.13 in. for 
column 57. 
The relation between the change in the distance between the toes 
of the flange channels at each of the fourteen ~-sections and the load is 
shown in Fig. 29. By comparing this figure with Fig. 16 it is immediately 
apparent that column 57-0-2 is more stable with respect to flange rotation 
than column 52-0-2. This same condition was noted for the similar columns 
in the 0-1 series. As the column deflected toward the east, the east 
flanges opened and the west flanges closed for the section at which the 
maximum deflections occurred. However,' the reverse effect was noted at a 
number of sections in the early stages of the test. The change in dis-
tance between flanges wa.s relatively small up to the maximum load. At a 
stress of 29 730 p.s.i. (1 200 000 lb.) the maximum recorded change equaled 
0.028 in. and occurred as a closing of the west flanges at section ~~l. 
At this same stress, the maximum recorded change for column 52-0-2 was 
0.150 in. and occurred as an opening of the east flanges at section /).-7. 
In the 0-1 series g the corresponding values were 0.03 in. for 57-C-l" occur-
ring as a clOSing of the west flanges at a section l'ft. above the center 
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of the column, and 0.05 in. for 52-0-1, occurring as an opening of the 
east fianges at a section 1 ft. 'below the center height o.f the column .. 
After column -57-0-2 had been loaded to a final lateral deflection 
of 8.7 in. the c19sing of the west flanges at ~-7 wes approximately 5/8 in. 
The corresponding opening of the east flanges at this section was also 
approximately 5/8 in. These values represent the maximum changes which 
occurred~ Column 57-0-2 was loaded to a final lateral deflection of 8.7 
in., while column 52-° .. 2 was loaded to a final lateral deflection of only 
3 in. Even ~Ji th this large difference in. deflection the change in spacing 
between the flanges near the center of the column was much smaller for 
column 57-0-2 than for column 52 .... 0 ... 2 •. This same behavior was reported for 
the 0 .... 1 series. 
The relation between the measured overall shortening and the load 
is shown in ~ig. 30. The computed theoretical shortening, based on a 
modulus of elasticity of 29 600 000 p.s.i.~ is also shown in the figure. 
The curve is similar to that obtained for the same type of column in the 
0-1 series. At the lower loads the measured Shortening is less than the 
theoretical shortening. At the higher loads the actual shortening is great-
er than the computed values due to the influence of the lateral d~flection. 
Throughout the entire range of the tests the measured shortening of column 
57-0-2 wa.s less than that of 57-0-1 at any particula.r load. This was prob-
ably due to the fact that column 57-0-2 was,initially straighter and ,there-
fore the bending due to the eccentricity.was not as large. At a stress of 
27 630 p.s.i. (1 115 000 lb.) the values of measured shortening of these 
respective columns were 0.43 in. end 0 .. 48 in .. while the values at this same 
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stress for columns 52-0-2 and 52-0-1 were 0 .. 45 in' .. and 0.43 in." respec-
tively. 
The rotation of the spherical bearing blocks at the ends of the 
column was not appreciable.' The maximum total recorded rota.tions of the 
top block in the east'-west and north-south d.irections were 0 .. 00248 radians 
(0.14 degrees) and 0.00070 radians (0.040 degrees) respectively. The 
corresponding maximum recorded rotations of the lower block were 0.000425 
radians (0.024 degrees) and 0.000450 radians (0.026 degrees). 
"b. Strain Data. 
The average values of the measured strains under successive loads 
are given in Table 3 f·or the various gage sections of column 57-0-2. These 
strains are all based on an initial load of 5 000 lb. The average stra.in 
at section A he,s not been included in this table because of a discrepancy 
which occurred in the readings of all gages located at this section. This. 
discrepancy was due, apparently, to a shift' in the resistance of the dummw 
or temperature compensa,ting gage at tha.t section. A1 though approximate 
corrections for such shifts coula be applied, the results would be only 
:;. approxima.te and not consistent with those at other sections. For thi s rea.... 
son that portion of the data, was omitted. 
From the table it may be seen·tha.t strain measurements were taken 
just before the maxiInum. load. was reached. The 1 ast complete set of st rain 
readings WB,S recorded at a load of 1 250 000 lb.. (30 970 p. s .. i. ), 98 .. 8 per 
cent of the maximum load of 1 265 000 lb. (31 340 p.s.i.). The ultimate 
load for the corresponding column in the 0-1 series wasl 330 000 lb. 
(32 950 p.s.i.). 
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A study of the average strain on each of the gage sections shows 
that at the lower loads this average was fairly constant over the length 
of the column. However, noticeable variation from the mean value began 
to occur at loads above 900 000 lb. For loads less than 900 000 Ib_ 
there was fair agreement h~tween the average strain values at section C 
~s determined by the SR-4 A-II gages (column 4) and the SR-4 A-9 gages 
(column 5) locEl,ted at this section .. 
A comparison of the computed theoretical strain based on a modulus 
of elasticity of 29 600 000 p.s.i. and the measured average strain on all 
sections,. except A, is shown by the diagram in Fig. 31. For thi s column, 
a.s for the other specimens tested, the computed strain agrees wi th the 
measured strain in the lower regions.. The effect of bending and local 
yielding probably cause the departure of the measured curve from the com-
puted straight line at higher loads~ The curves of measured strain for 
the 57-0-1 and 57-C=2 specimens are almost COincident over the" entire 
range cf load, with the. 0-2 specimen having slightly larger strains for 
stresses greater than 22 500 p.s.io 
At a stress of 27 500 p.s.i. the values of. the measured strains 
for columns 57-0-2 and 57-C-l were 1190 micro inches per inch and 1150 
micro inches per inch, respectively. At the same stress the values for 
spe"cimens 52 ... 0-2 and 52 .. 0 .... 1 were 1060 micro inches per inch and 1025 micro 
i-nches per inch. 
The high locru.ized shear strains which were noted in the web of the 
WF section of collL"lln 57-0-1 of the first s"eries "recurred in the dupli~a.te 
specimen of the C .... 2 series. However, this phenomenon occurred at !l. higher 
lead in the second test. The .first visible'signs of this yielding in 
column 57-0-2 occurred at a load of 1 200 000 lb. a.long the upper hl9.lf 
of the column web. At this load the mill scale on the east fa.ce of the 
web began to spall in horizontal lines along Which the yield point of 
the web, in shear, had been exceecled. Figure 32, illustrs.tes typical 
shear lines in the region of section ~-6 which wa.s located 4 ft. 3-3/4 in. 
~bove the mid-height of the column. The development of the shear bs.nds 
with the load is indicated by Fig. 33, a view of this same region after 
the maximum load of 1 265 000 lb. had been reached. Many diagonal shear 
lines are appa.rent in this latter figure in addition to the more fully 
developed horizontal b&lds o This same cond.i tion occurred when column 
57-0-1 was tested and was reported in greater detail in Progress Report 
No.1 .. 
The strain distribution over the channels a.t foul" of the sections 
of the column is shown in Fig. 34 for a. load of 1 000 000 lb. Figure 35 
in(licates the strain distribution over the flanges of the \VF section 2!.t 
this same load. The average values indicated on both diagrems are based 
on all the SR=4 A-ll gsges located B.t these sections .. 
A further study of the strain distribution at section 0 of column 
57-0-2 when subjected to a 1 ·250 000 1b o load is presented in Fig. 36. 
The crosses ex) on this diagram represent the values of the WF toe strains .. 
This figure shews the distribution for a load slightly below the ~aximum 
: of 1 265 000 lb. It should be noted that p.n unusual stTa.in di stri bution 
exists in that all four corners &ld the outstanding legs of the fle.nges 
have strains that are below the ~verage for the section. This distribu-
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ti.on is opposed to the usual condi tion normally expected in·a compression 
member subject to bending-wherein the strain on the extreme fibers of 
the concave side of the deflected member ,.,rol1Id be greater than the average 
~nd the strain on the extreme fibers of the convex side would be less th~ 
the aver~e. This unusual condition could possibly be due to the combined 
effects of lat eral bene.ing and flange rotation. 
IV. 5mfl..f.ARY OF RESULTS. 
The result s of the' C ..... 2 series of sp,ec ioens test ed at t,he 
University of Illinois for the Louisiana Column Research Study are 
summarized below. 
9. Column 52-C-2. 
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a. The maximum load-carrying capacity of the column 'W-as 
1 075 000 lb. This corresponds to an average stress on the gross 
section of 31 270,p.s.i., a value only 81 per cent as great as the 
average t ensile yield point of the coupons received from the fabri .... 
cator for this column.. (The indications are that the compressive 
yield point of the material is slightly higher than the' tensile 
yield point) . 
b"As was anticipated. local buckling of the web did 
occur. This tendency was evident in the very early stages of the 
test and became qui te pronounced before the maximum load was reached. 
c. ' Failure of the column a~pears to have been due to a 
combination of flexure of the column as a whole, buckling of the 
column "leo plB.te and rotation of the fla,nges .. 
d. The rotation of the bea,ring blocks at the ends of 
the column was very small. 
e. On the basis of the data taken it would appear th2.t 
inter-rivet buckling of the cover plate was a secondary effect arising 
from the primary failure of the column. 
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10. Column 57-0-2. 
a. The maximum load-carrying capacity of the column was 
1 265 000 lb. ~his corresponds to an average stress on the gross 
section of 31 340 p.s.i., a valu~ only 31 per cent as great as the 
average yield point of the tensile coupons received from the fabri-
ca.tor for this column~ (The indications are that the corrpressi ve yield 
point of the material is slightly higher than the tensile yield point). 
b. As in the 57-0-1 column, shear yielding in tne web of 
the WF beam was indicated. by spalling of the mill scale slong horizontal 
and diagonal bands. These bands appeared in regions where the yield 
point of the web material had been exceeded in shear. 
c. Failure of the column appears to have been due to a 
combination of flexure of the column as a whole, rotation of the flanges, 
and yielding of the web. 
d. The rotation of the bearing blocks at the ends of the 
'column was very small. 
:By comparing the results of these tests, it is evident that 
column 57-C-2 was slightly stror~er, straighter and stiffer than column 
52-0-2. Table 4 summarizes th~ results of the specimens of the 0-1 
and 0-2 series. 
TABLE 1. 
t.fECHANICAL PROPERTIES OF STRUCTURAL SECTIONS USED FOR COLUMNS 52-0-2 AND 57-C-2. 
Coupon Yield· Ultimate Reduction Elongation Location of 
Specimen Point, Strength, in Area, in gIn., Ooupon 
No. p.s .. ! .. p.s.i,," % :b I 
(1) (2) (3) (4) (5) (6) 
5 39 800 65 700 47.3 27.5 52-C-2 
20" x 5/16 11 Web Plate 
6 37 500 61 700 50 .. 3 28.4 52-0-2 
15" x 3/8 11 Oover Plates 
7 37 800 59 gOO 53.0 29,,4 52-0-2 
3" x 3" X 3/8 11 Angles 
8 39 600 63 800 55.3 30.6 57-0-2 
Web of 18" WF 
9 37 400 64 300 45.7 29.5 57-0-2 
Web of 15 11 Channels 
* By drop of the beam method. 
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TABLE 2. 
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SUMMARY OF THE AVERAGE MEASuRED VALUES OF STRAINS IN COLUMN 52-C-2. 
Load on Stress on Average Strain in Micro Inches per Inch at Average Strain Theoretical 
Column in Gross Section Shown :Based on Zero Readings a.t in Micro Inches Strain in 
1000' s 1b .. Section 5000 1b .. (~"rom A-l1 electric gages except per Inch on all Micro Inches 
in 1000's where otherwise noted.) Five Sections per Inch 
p.s.i .. (From A ... I1Based On 
A B 0 D E electric gages) E= 29.6 x 106 
p .. s.i. 
(1) (2) (3) (4) (5) (6)$· (7) (8) (9) (10) 
5 .15 . a 0 o· 0 0 0 0 4.9 
10C 2.91 98 86* 93 90 93 94 93 . 98.2 
200 5·82 208 199* 199 198 200 201 201 196.5 
400 11.63 422 40~ats 407 405' 412 415 416 a93 •O 500 14.~4- 630 gl * 611 612 g21 623 ' 622 ~1.3 600 17. 5 33 34* 12 20 39 23 28 5 9.5 
700 20.36 733 767* 715 722 772 720 741 687.8 
800 2a· 27 827 908~ 816 840 933 802 857 786.1 850 2 .. 72 893 9.88$ 854 902 1012 855 9.20 835.2 
goo 26.18 953 991* 921 982 1092 904 972 884.3 
925 26 .. g1 94g. 1018 908.9 
950 27.63 1039 1161+* 978 1078 1212 945 1068 933·5 
975 28.36 1008 1135 959·2 
1000 29.09 1051 1212 982.6 
1025 29·31 1116 1308 1007·1 
1'075 31.27 Maximum Load 
* 
Average of eleven readings only - one ciefecti ve gage at thi s sect ion. 
** Average of the four SR-4 A-9 gages. 
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TABIE 1. 
sm.n.{ARY OF THE AVERli.GE MEASURED VALUES OF STRAINS IN OOLmn~ 57-0-2. 
Load on stress on Average Strain in l~icro Inches per Inch Average Strain Theoretical 
Oolumn in GraBs at Section Shown Based on Zero Readings at in Micro Inches Stra.in in 
1000lS lb. Section 5000 lb. (From A-Il electric gages except per Inch on all Micro Inches 
in 10001 13 where other\<lise noted~ . Four Sections per Inch 
p.s.i. (From Ar-11 Based On 
B 0 D E e1 ect ric gBges) E- 29.6 x 10 
p.s.i .. 
(1) (2) (3 ) (1.1- ) (5)·· ·(6) (7) (8) (9) 
---
5 0.12 0 0 0 0 0 0 4.2 
200 4.96 160 156 162 159 171 162 167.4 
400 9·91 3""0 326 342 336 346 334 334.8 . 
600 14.87 497 510 522 519 526 513 502.6 
800 19·82 695 712 712 722 716 711 669.7 goo 22.30 857 842 320 859 815 843 753·3 
1000 24.78 1028 982 922 999 916 981 837.1 
1100 27.26 1224 1177 104)-t- 1156 1115 1168 920.8 
1150 28. t1-9 1330 1270 11~7 1239 1270 1277 962 .. 6 
1200 29·73 1475 1377 1227 1349 1537 1435 1004.5 
1250 30 .. 97 1673 15~~7 136~ 1554 1795 1637 1046.3 
·1265 31.34 Maximum Load 
** Average of the four SR-4 A .... 9 gages. 
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TA13LE 4. 
SUHfifARY OF RlilSULTS OF TESTS FOR THE 0-1 .AND 0-2 SERIES. 
1 .. 
2. 
·3· 
4 .. 
5· 
DATA 
Ultimate Load - lb. 
Ultimate Stress-p .. s" i. on gross section 
Maximum Initial Deflection Parallel 
to ''lab, in_ 
Maximum Initial Leflection Normal 
to 'feb, in. 
Averatge Lateral Deflection D as d.etermined 
from initial shapes for sections' approxim8tely 
16 ft, .. 2 in .. from ends at stress of 27 630 
p.s.i,,,, in. 
6.. As for 5 but with stress of 29 730 p~ s. i. 
7. As for 5 but for sections approximately 
7 ft. g in .. from ends. 
S.. As for 6 but for sect ions al)lJroxlmately 
7 ft.. gin. from enel8" 
g .. 
10 .. 
11 .. 
l.faximum Change in Di ste.Ilce Between Flanges 
at stress of 29 730 p.2 .. i., in inehes. 
Average Short ening of Columns B.t 
27 630 p.s .. i., in inches. 
Avere.ge StrB.in on all ~~ect :lonsat streGo 
of 27 500 p_s.i •• in micro inche~ 
per inch. 
OOLUMN 
52-'0-1 . 52-0-2 
1 190 000 
32 250 
0.24 
0.34 
0 .. 35 
0 .. 45 
0 .. 20 
0 .. 24 
0" 05(0 
o~43 
1025 
1 075 000 
31 270 
0.09 
0.12 
0 .. 37 
0 .. 58 
0.23 
0.150 
o~45 
1060 
---_.-.,.-------_._------
COLUMN 
57-0-1 57-0-2 
1 330 000 
32 950 
. 0 .. 14 
0 .. 09 
0.06 
0.12 
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0.05 
O.C30 
o~4g 
1150 
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.. :'::0.· .. 03 
0.09 
0.04 
0 .. 08 
0.63 
0.06 
0.028 
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1190 
0J 
f\) 
-
U 
-It) 
..... 
ABOUT ~ 
-
I 
II 
=If) 
..... 
I 
I 
I 
c 
"..... 
I 
! 
I 
-(0 I , 
I -v 
=:,1 ~ 
x 
-rf) 
x I 
it> I 
I ~ 
V -(0 
I J V 
J() 
X 
=c.o 
" 
~ 
x 
~I 0 (\J a: rt'>, 
x I m 
=co I W 
rif=1 3 
x 
-
in 
a: 1 
;;>' 01 01 
- I 
I 
I 
~I 
I 
~: 
J I 
-
~I 
0:1 
~l 
I 
i 
I 
I -(0 I 
I 
-v 
rt'> 
x 
I 
~ rt) 
x 
it> 
)( 
rt'> 
~ 
V 
/' 
(0 
J 
-V 
rf) 
x 
=co ~ 
I x 
I 10 
1 
--
it 
:::> 0 
(.) 
-
I 
! 
; 1/ 
; 
, 
! =(\J ~ 
I I 
I -X 
! a: 
I ~ I )( 
:: 
-
3tc 
- " 
RIVETS ~4' ~ , OPEN HOLES 1316 4> 
NO TE: WORKMANSHIP IS TO BE IN 
ACCORDANCE WITH AMERICAN 
ASSOCIATION OF STATE HIGHWAY 
OFFICIALS STANDARD SPECIFICA-
TIONS FOR H1GHWAY BRIDGES 
{i 944 EDITION). 
MA TERIAL~ 
CARBON STEEL, A.S.T.M. A7-46 
RIVET" STEEL, A.S.T.M. A141-39 
to I i in 14' Iii I I j~MI i ! CONTINOUS FILLET WELD I LL 
1918 x I" PI. X 21-111 MtLL AFTER ASSEMBLY J 
FIG. I DETAILS OF TEST COLUMN 52--C-2 
SYMMETRICAL ABOUT i_, 
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TIONS FOR HIGHWAY BRIDGES 
0944 EDITION). 
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FIG. 2 DETAILS OF TEST COLUMN 57-C ..... 2 
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Fig. 3 Maximum Overhang of Flange Cover 
Plate of Column 52-C-2 at Mid-height 
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® 6 ® )( x ...... ~ I-
.5+" 
8 7 
x 4 x 0IIIIi ~3e 
® (b) ® 
COLUMN 52-C-2 
W S-+-N 
E 
6 ® XOIIIl .. x X IIIIl IJ I_ 
.5+" "+2 . 
8 7 
x 0IIiIf 4 ... X 
( c) 
COLUMN 57-C-2 
INDICAfES LOCATION OF SR-4 STRAIN 
GAGES, TYPE A-II, AT SECTIONS A 
TO E INCLUSIVE AND ALONG WEB OF 
COLUMN 52-C:"'2. 
iNDICATES LOCATION OF ADDITIONAL 
SR-4 STRAIN GAGES, TYPE A-9, AT 
SECTION C. 
INDICATES LOCATION OF DEFLECTION 
MEASUREMENTS. 
INDICATES WIRES USED FOR DEFLECT-
ION MEASUREMENTS. 
INDICATES SECTIONS AT WHICH DE-
FLECTIONS WERE MEASURED. 
FIG. 4 LOCATION OF GAGE POINTS AND SECTIONS 
Fig. 5 Clamps at Base of Columns for Deflection 
Wires 
Fig.7 Mirror Bracket for Lateral Deflection 
Measurements 
Fig. 6 Brackets at Top of Columns for 
Deflection Wires 
Fig. 8 Pointed Scale for Deflection Measurements 
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Fig. 10 Deflection Gage for Measuring 
Web- Plate Buckling 
Fig. 9 Deflection Gage for Measuring 
Change in Distance between 
Flanges 
Fi g. I I Deflection Gage for Measuring 
Inter - Rivet Cover Plate 
Buckling 
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FIG. 12 GENERAL VIEW OF COLUMN 52-C-2 
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FIG.13 INITIAL DEFLECTION' OF COLUMN 52-C .... 2 
(Determined by Measurements to Wlres NOI .. I,2,3, a 5.) 
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FIG.14 AVERAGE VALUES OF 
THE LATERAL DEFLECTIONS 1---t-----------1-----
FOR COLUMN 52-C-2 
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FIG. 15 LATERAL DEFLECTION - LOAD CURVES 
FOR COLUMN 52-C-2 
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FIG.16 CHANGE IN DISTANCE BETWEEN FLANGE 
TOES AT VARIOUS SECTIONS OF COLUMN 52-C-2 
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Deflection East in In'ches 
FIG.ISWES DEFLECTION - LOAD CURVES 
ALONG LINE B FOR COLUMN 52-C-2 
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FIG, 19 WEB DEFLECTiON - LOAD CURVES 
AT STATION 16 FOR COLUMN 52-C-2 
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FIG. 20 
WEB PLATE DEFLECTION 
BETWEEN SECTIONS BAND 
C OF COLUMN 52-C-2 
Q) AT 800,000 LB. LOAD 
~ 
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FIG. 21 STRESS .... STRAIN DIAGRAMS 
FOR COLUMN 52 - C - 2 
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FIG.23 STRAIN DISTRIBUTION AT SECTION C. COLUMN 52-C-2 
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Fig.24 Diagonal Shear Lines on South Cover Plate 
of Column 52-C-2 at Section C after 
Completion of Test 
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FIG.26 INITIAL DEFLECTION OF COLUMN 57-C-2 
(Determlnad by Measurements to Wires Nos. 1,2,3,8 5) 
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FIG. 35 STRAIN DISTRIBUTION 
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APPENDIX 
Tension and Compression Coupon Tests. 
The results of the tension and compression tests on coupons removed 
from the columns of the 0-1 and ·C-2 series after failure are summarized in 
A~pendix Table 1. Three tension and three compression specimens were 
removed from each of the structural shapes conprising the column sections 
(with the exception of the angles connecting the web plate to the cover 
plates of the 52-serie$ sp'eci~ens from which no coupons were taken). 
Compression coupons l11"ere removed from a region located approximately 
7 ft. from the end of the 57-series specimens and 5 ft~ from :ne end of 
the 52-series specimens. The tension coupons were removed frem sections 
~:p"proximately 9 ft. snd 7 ft. from the end of these respective columns" 
The compression coupons were machined so that their lengths were four 
times their least dimension (the thickness) and their minimum widths were 
two times their least dimension. Tension specimens were machined accord-
ing to A.S.T.M. Standards. 
In the table, the average values for the three specimens taken 
from the same structural shape have been tabulated. The yield point 
values determined from tension tests on coupons removed from the colunrrls 
after failure were in good agreement with those determined from the 
coupons received from the fabricator. In general, the yield points 
determined by the cOI!l'pression test s \-lere higher ths.n those determined by 
the tension tests. 
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APPENDIX TABlE 10 
smnvtARY OF AVERAGE mnASURJUD VALUES OF TENSION .AND COMPRESSION COUPON TESTS. 
COUPON LOCATION 
7 /16-in. \~eb Plate 
3 x 3 :x 3/ B" Flange Angles 
3 x 3 X 3/8 11 Flange Angles 
3 x 3 X 3/8 11 Flange Angles 
3 x 3 X 3/3 11 Flange Angles 
15 x 3/B-in. ~'cver Plate 
15 x 3/B-in. Cover Pla.te 
Web of IS-in. WF 
15-in. Jlange Channel 
15=in. Flange Channel 
TENS ION TESTS COMPRESSION Tr~STS 
Yield Point~* 
p .. s.i. 
Yiela. POl.n-t:"-* Ultimate Per Cent 
p4s.i~ Strength, Reduction 
O~l SERIES 
COIDMlI 52-0-1. 
36 600 37 300 
41 300 
43 000 
42 50() 
44 600 
44 600 
42 700 
46 500 
43 300 
47 700 
39 900 
40 200 
40 800 
42 600 
40 100 
40 700 
OOLUMN 57-C-l. 
43 500 
41 600 
40 700 
p. s. L. in Area. 
62 900 51$7 
61 800 50.6 
61 700 52.2 
63 700 50.0 
65 100 49.8 
68 400 48.0 
69 100 46 .. 6 
65 900 49·2 
67 90CJ 48.1 
63 ~JO 0 47.7 
* By dial gage extensometer. 
** By d.rop of beam .. 
Per Cent--
Elongation 
in B Inches 
28.4 
28,,1 
26.8 
27 .. 9 
26~5 
23.3 
24.0 
27·9 
24.8 
25·5 
(,1"\ 
-I=' 
APPEND IX TABLE 1. 
(CONCLUDED) 
Smvfl.t!ARY OF AVERAGE VlillA::3URED VALUES 0]" TENSION AND COI{PRESSION OC)UPON TESTS .. 
COUPON LOC AT ION COMPRESSION TESTS TENSIon TESTS 
Yield Point, * 
p .. n .. ill 
Yield Point,*. Ultimate Per Cent 
p.s~ie StrengthJ Reduction 
pos.i. in Area, 
C-2 SERIES 
OOLUMN 22-0-2. 
5/IG-in .. \'leb Plate t~o 000 41 300 68 ooe 44,.4 
3 x 3 X 3/'0 11 Flange Angles 36 700 36 900 58 700 53 _t~ 
3 x 3 X 3/8 11 Flange Angles 43 200 42 100 66 600 46.6 
3 x 3 X 3/'0 11 Flange Angles 38 400 38 100 60 100 52u9 
3 x 3 X 3/'0 11 Flange Angles 45 700 41 BOO 66 300 50.3 
15 x 3/B-in. Cover Plate 38 900 36 BOO 60 600 51 .. 2 
15 x 3/3-in. Cover Plate 40 000 36 900 60 100 52.4 
COL1.TI4N 21-C-2. 
\'1 eb of 18-in ~ 'I/F 41 400 39 300 61 600 52.1 
15=in. Flange Channel 45 400 40 500 61.~ 400 44.1 
15=ine Flange Channel 42 700 36 000 63 200 4g.2 
* 
By dia.l gage extensometer. 
** 
By drop uf beam. 
Per Cent 
Elonga.tion 
in B Inches 
2700 
30 .. 2 
25·5 
29.6 
2543 
27.3 
30.7 
2g.6 
24.5 
26~5 
m 
\Jl 
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